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(54) CRYSTAL PRODUCING METHOD AND EQUIPMENT THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the method and equipment for 
producing a silicon single crystal or silicon polycrystal by using a vapor 
phase component raw material. 

SOLUTION: In this method, a high frequency coil 1 to which gas blowout 
ports 7 are connected oppositely to an exothermic solid 8 or a melt 16 
and metallic conductor barriers 22 each having plural insulating 
longitudinal grooves are arranged, the exothermic solid 8 or the melt 16 
is subjected to induction heating with the high frequency coil 1, a 
gaseous component raw material is supplied to the surface of the 
exothermic solid 8 or melt 16 from the gas blowout ports 7, and melt 
drops 8-1 ' are generated in the lower part of the exothermic solid 8 at a 
temp, higher than the melting point of the crystallized raw material to 
allow the melt drops to fall and flow out, or the melt is generated on the 
lower melt zone 16, thereby growing the single crystal on a solid single 
crystal 18 supporting the melt zone 16 by a floating zone melting 
method. 
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[0 0 5 2] (30) #fSBJ«, mffBiftil&a-r;P©^X 
[0 0 5 3] (31) #§£BJ§tt, «JE!S5««3-f;U**H 

•So 

[0 0 5 4] (32) «EW*3'f**6» 
[0 0 5 5] (33) Waa±»«J»H#:©T» 

»ric-rsfcje>©jp»#a3ft«. t*> 1 f@©m)fBi«ji 

[0 0 5 6] (34) *ffiWtt. Huie^X^^ffiLP^rW 

•t&nNKiK. m. tjps-^a^s^iw 
flD^y*<W3j:D*j«an, mrfB^xp>:#tiiLP**-r 

[0 0 5 7] (35) #589!tt. WfB^X^#ajLPS:W 
[0 0 5 8] Wi£L&»*S<B?LS2|cf8Wtt, BHU 

-r $&©-?. H#^is**^tt««r^nfc»»«tflf©3i 

UMS{b^©^#fttJ£^<»Srff-5fe©T?$>-5. f^tJ 
^. *%BJ«, ^^X©«*&€rfr^O^>, ^©^i$® 



(9) 
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[0 0 5 9] *^BJtt. TTtr^fci^fC, fm#X 

<ITF»*lr»ttTP»«EHi) Bft^JI-h 

[0 0 6 0] d ^TfHFr^S £ <h tt, «e3feW?¥iffi^a 
Hffc (flW^ISa) <»««#) -H 

» OM&A) T****. **^©VLSttftfflH3t#ai 

«k, MffiaiT*itt«t>jgi»Js»tuTiii««i(&b^ 

SR) OJWSfti««*ff3J:i*?rfiCUfcCt4M»4: 
[0 0 6 1] ^*raa^§i±^«, ii*PW«&m*4iLX 

!S3lEfiaiSK:feW*cia60IBBBj* 

[0062] -rttto*, #»9§tt, Bt»#<e»-f >=fy 



[0 0 6 3] *%W«v ^^.tc. JS£W;*nJc££tlLP£ 

[0 0 6 4] Sfc. *fgi||», M8EfS£LfcT»«Ettia 

[0 0 6 5] Sfc, *%bj«. WB35S*bfcT»fltm» 

[0 0 6 6] *&, *^BJ«, 10jfe«a#Snfc5^Sr) 
««0«{gfc5S^LfcT»«ttti»MJS*«i(8L. ^©i§ 

[0 0 6 7] Sfc, «MEKH*3-fJK0T* 

[0 0 6 8] Sfc, #fg«tt. lWSE»a»fefc«fcO#IS 

[0 0 6 9] Sfc, *%BJ«, BUIB^T^ffl!^^. Jfi 

«n^c**rr*p«fiiB odd *n'#y&u mie^cot^ 

[0070] s^c, *^bj«, JW»^fx*:*aibP* 

[0 0 7 1] ffiSBfe^SflE (-Y >=fv 

[0 0 7 2] $>t> *^bj«, ilWB3-f;i.T»K:*»58 

[0 0 7 3] Sfc. *^B^«, (OTB3-f JPTSBIC. 



(10) 
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[0 0 7 4] SSBlPlfct. Wffil'ifcSfK^S^-r* 

m^^mmfa±i$m\z%±Lfz®im&, mm<p^ 
©ftjcossTa-a-x. ^<D-fmzmm^nrzm±m^-o 
imommmizmmLT, 5i±fefc=t<9¥^s^«^-& 

[0 0 7 5] Sfc. #36|l!tt, *»Stt&-h~FraWK::*f 

[0076] sec, #§eistt, u^)v<Dmmmmm 
s\-w.$>z>wtwm (§§§) **«:-rB*«ij«Tsflftga* 

[0 0 7 7] *5§BJ«, g[ffijfiM|.«**^ttft® 

(4MB) «*3ft-rW«*3-f^*fflV»T, -ew^MffliJtr 

[0 0 7 8] £<=,{C, *fglJitt. HtJfB±g|5^a#:©T 

s> Tnmmw±M\zm$zntzmmm$±.\zm& 

M*©££«8f£fT5i: e«bc»rB£#-r 
[0 0 7 9] Sit, *%BJtt, jJ&ffiT«B#-hfflH::#l3 

5 nfc*MS#£iS tc 3 -f ;i/TW3tf ^"«*ffl UPiOg 

[0 0 8 0] *f|Bj«. imeTtfBttLhfffcfiitt 
a n&»maaif£® extras a -f jwT*^**a ipi: 



[0 0 8 1] (»83±«fSJIftH{*:©T« 

t. ^i^tc:iwaajSi»a»s5tH^T«»©ie»i^** 

[0 0 8 2] *£. *f6Wa. MfB±gB@#n-> 
«BnifT58*UfcTI«m**v>tt«fTr*«W*, SB 

So 

[0 0 8 3] #3fiW«, tfXRgfHLQ&frU 

[0 0 8 4] *5S91H:. BfilB^Xi^^ffiLP^* 

w-r&&«t£##: mm. §o«ab§vi«*-h) ©a 

[0 0 8 5] *^BJ«. ^^©fftSStC^D, 

s@fr*B^»< mmmmm&z ^vmrnmam^ 
m<mm^mm^mm\zm<oz^ Jta&m-v&ms, 
(Dffitti&m-ttzsb. %mmfc<D?\-mi,z*%!-£nfz%ii<D 

ft-f%&WtVZZ\UZ&K>. cn^B^IBIC^oT^Fffi 

[0 0 8 6] Sfe, *5SWti. KJt:^j*^X**B»*^ 

X*K**n^i$^f'#|!Sr*^tA«a*L<» Z.CD 
tzfy. «f82»lO^«®^fiHt^i!»c*aiPifi«©n«W 




[0 0 8 7] *^BJ«. j»Em2©*HW*»«aiffl 

ft (70 SrWLT^D. fro, JR 2 4)ftffi££MH*&l' 

[0 0 8 8] #5B"J3tt, jme±8XJKBM*C!>£B 

snfcS»«©3-f;HBK:. £lEtt 

ry^t^-fjutowfc^ett^x&diEbtJo. was* 

[0 0 8 9] Sfc, #589!«. *WBT*««fcH#©E« 
[0 0 9 0] *^BJ«, 3(fX9;«ttlLPA>. WI3 

[0 0 9 1] gjfc. #3893«. Mfe^tfX 

[0 0 9 2] *&, *3891tt, WIB^X^tBLP©^ 
fr*T#S<, 

[0093] *f893«. mm±&&m®fto>Tm 
aioipif&i, «waT»58«ta#:©±ai5K:*iifc** 

^mTZ>tz.tb<nlim^fk£ lt. l IB©WifH#x<!K#ttJ 
LPSrWr-SiiSJlfea-f JK0*-C/«C<, BWICIfrtT, 

[0 0 9 4] #389iM:, ifflEKfliS^f JURtftt 

»©ttlMi»*W-r*&«ttS»*#:Wg ©#* 
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So Sfc. -E-©®^^S(cT-5^i{C=fcoT^«$-IB 

[0095] *%bj«, nmmmwi^jvRrm 
»o«»««*Wr**«tt*«{M«B (««) ^©# 

[0 0 9 6] 

mw<nmm<DMm] bit. *«9itj:*«B-*ffi- 
[0097] in i tt*^Bj©B i (D^mmmz^mm. 

<DMl&&MWT2>Wivfim. m 2 «H 1 <0g«©±E «k 0 
^,it»^*BlWr-5iaT**. HI. 0 2(C*5^T, 1 

tti(SH«[=i-fjk i-ia4/7+3ftft3-f;«. 2 

-1, 2-2ttn-f;WF. 2-1' . 2-2* ttffiB 
3 -f ;i/S8^0iSB«««»^ 6 © V - K*8ttt ttJLSfc 
tt*s>, 3- l«n-f;i/?&ai*©ltAP, 3-2tt3-f 
;U?&£l#©tf DttJl/O, 4»4n-f;n*j?&ai*©ii!S. 5 

(Dm\zffitf£>nfcm®m-?&z>o s-i' \z8-igm 

1 ©«**£» -3 TfiaiCJ: "9 4>ffegliggB8 - 2 C«S 
0 , 5/U3 9 fcfco TT^ «Effi • *TT 

*. 8 - 3 t*5E&H# 8 ©±g&?S;ggB. l 0 l$±B2Zm 

gp 8 - 3 «h LT^iilft 8 «aw*3a«s«, 1 1 
- l «¥«3-i';i/4 I ^©/hPS©*e^ffl©KP B m> 1 
1 - 2 tt¥«n-f JU«ffl«©*6»ffl©|«ra 'J v h) 

[0 0 9 8] 01. 0 2 (C^T*^BJ0DHM^SI«. S5 

Tees - 1 «sf&^n«DMbA%«v)»-€-nm±«>aft 

(yU3>Oi^ 14 16~1 4 5 0t) CWL, 
#Xi*#ffiLP7=fc9. HfH2fg,^$tlfc@#:T^©^® 

8 - 1 izfafr^TKm% mmmfcrnm 8 - 1 t*£## 

«[8 - 1 ' *5SJftH#©«»iB8 - 1 fc»oT@#5ie 



(12) 
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[0099] hi. 02 iZTp-rmmmmz «tn«, 
[oioo] mmL,fzmmmm\z^<o^f$.^nrzmmm 

tf, S i H 4 , SiHCl 3 , SiH 2 Cl 2 . SiCl 4 

(3. 7£ffiM13* (B 2 H 6 , 7fxX7^C>PH 3 , T;P->> 
A 3 H 3 #) £JtffitaiHfi©fc#&®»in*..3 H 

[oioi] mmvtzmMmmz&tfzmm&iifc&ft 

KAUsi?. y'J3> <«rmj£#£PWHflO . £JS^£ 
SS^ftfcfcOXfcct^. 

[0102] m2\z^rtmi(D-fi s m^^ )i(n±M-ffi<b 

BttSit»*iifa»*»cjKri6*nfci»mi i i - 2 ic^ 
^2-1, 2-2iz£<o mmr-iz&mmnj] mm. 
□ 3-1. ^7j<ass4. ?&ai*BfoaiLa 3 - 2 ted; 
nxn-s. 3-rju**«©/hngisiiimi i-i«. n 

X*>, #*Mfc (MS. ^Jg) Tfc«fc^. 

[0103] igjisn-r jnrt^tte>tifc^xa8sx 

>^«©iiKlc«-iKSnT^snTa-f )]/ 1 rtfcEB 

5*1X33 0. U >tfWffiftiZ, #|&CD;tfX>£#tiJLP7 

[0104] dtis^tt, #x«ap 5«fc0tt*&sn. 
3-f;n*ifc5ft«T3S*nfc*f^aiS6sa-3T, #x>>k 
trm l □ 7 ^ sfgfS&H# 8 cdtsbis® 8 - 1 izissmfr 

Eg 6 7jt»RLfcBef:«t 0 3-f ;PrtBK:ttl**liT3*39l 
$nx^?>. tfxnfc^ttiLP 7«, n-OUSlCfo 



^>UX1\ if^*IH?.n5. #Xi»A5«. n-fJU 
S ; ?W©iS^iS*ffiO |: t : 'K«£E^X«it&$tlT*5 0. # 
XE«i:««ratOWTOift*<*»cJ:**!K*|»ihr* 

t^X^S. 

[0 10 5] H13«*:^H^CD^l©SIM®Si{CctSSM 

(D&M&HDmrft&mm-rzmwm. 0 4 «m 3 »^«cd 
[0106] 03. 04tttc:^-r0ijtt. mi. m2izm 
u #xas&6. »ai*oaiS4*^«so«Bi. 

*PXt«tOf^figLfcfefe©X, -tOffifi. El, 02© 

fi. n. ffi. nsn*. 
[0107] -e-LX, ^o«K:*»t*i*ffl»a'f;n 
lca§:tte>nfe^xasSXfeS^x^Affliffl«6«. 04 

snfc*»oia««©ags**^., ia^xcDassic^fx 
i&^fcBLP 7 ^tait^tix^s. 

[0 10 8] 01~0 4t'^-rSStt. ±gB@#:8©|g 
i2i?®8 - 1 3W*Hft3-TJl' 1 ©ifi< {cS3B^nx*3D 

(3-fMl-l ^Jgiaaiffi 8 - 1 <t©Sgf§ff= 5mm~ 
2 5 mm) . g»* (*£-£r^&2&2£) «t<R»»^UX, 

*UT. 56S!ftHfr 8 tt. «J3ift*«©*&3*S»cJ: 

p'vws 1 oft^^y^^&n, 

[0 10 9] M@ft8tLTilMyU3>$ffll^ 

-tojt^ttasaicfe^x, a^r. io 3 t-A 

• -fe>^— (Q • cm) d^e> 1 0 _3 Q-cmWli; 
tit (^Q • cmJi(T) ©«^r. ^@#:8«. Sl^@^t 

««8tns < ^aic i sssjtt l . tcip^-r s - <h*ix 
ffituzKWzMz&mzmmtfrfrZo l^l. ->un 

>i®a«. ^STiftSla (10Q-cm~ 1000Q- 
cm) XfeoXfc, 4 0 0X~6 0 OXCDS^X. tfcjg 
lQ-c m~ 0 . lQ-c mift 0 . BI«f|8lE*<«E 

0. ^i*@#:CD— mZ4 0 0X~6 0 0XC0^i*SrJ)P^. 

[oiio] w*fiUfc*«wos(afi»!6tt. Kiaic^jt 

a6. BU^ro^X^I&Slfi^^Si-er-f. S«fiO«»iSS 



(13) 
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m^<, Kfc$LrfLii7^ Km, mm, mt* 
m&z> ^«-> u =i >mtm^*m^mzwm-2> z\t& 

[0111] m5izmi~m4{z£<om.wLfznmMm 

[0 112] 0 5 (a) fC^TWa. 1&®.<D^)l>Zte 
f£¥® J; o tcSHS -i )V\ £^j&u 

3<;U^3- ltC#X*AP5£ggtt. #X«SA^6 
^W^ttfczn-Ol^ft: (W) fctB^TlBMLfcfe^T 

[0 113] 0 5 (b) IC^-TWa. 0 5 (a) <D«<& 

z\<DM*&<Dmz%i^rzwmz%mmfc8<Dm& 

[0 114] 0 5 (a) . 1215 (b) IC*T¥«tt*^> 

ay;*). n^*rfi]tc^< tfe i y-> (^*HD &Lt« 

$C/-> (m«\ 4><i>g&. *WigB) fcK^L 

t\ muzMjjffl'ffl&fti,^ 5£mmtev>jA^mm<Di%~ 

[0115] meiz.*%w(D , m2<vmffi.wtm\z&z>mw. 
MMmiz. mz\z^Tmmw.m\z&tfz>-mm®.n'i )i\z 

ffifS.Lfzb<DT*$>Z>* mQlZ&^T. 5-1. 5-2« 
#XCD^AP, 6-1, 6-2W:;tfXilSS. 7-1, 7 
- 2 ta#X©q*;^iii L PT&-5. 

[0116] m6iz^-r^mm<Dm2(Dmmmmit. m 

S5C21Iffl^X5:^|{An 5- 1 . 5-2fflfM 
ftj&>£&AU #XiI?g6-l. 6 -2 ^LTq):#tt5 
LP7-1, 7 -2frt>»k$lii2-tiZ>£o\ZLfz1b<DT° 

z.<DmMMMiz. 2wm(Di37.*®im-$z>z.t\z 

J;D. ^n^tiW^x^^cD^TR^ggrttcWAT 

-s^t^T^. (i) #xagi. mm^mnzmt^-^ 
4>z.ttf-vgz>, (2) i^ia^xqx^ttsbp^o^fett 
#x zmarz z\tiz^o. i^^x^»;» 



rs;i<h75<Ti*&, (3) ^Tbmt^mm^^ m 

ig) BtlCfflSfcS^L^liCWtfX (#J*.«. S i H 4 

[0117] m7\z*-&m<D&2<DmMMm<D%£&miz 
i \ZKTmmMm\z&vz>ig 1 m$Lu-< Kvmmzwkm 
fcfo©T^§„ ei 7 \zjsttz>!ftmzm6(Dm££m— t 

[0 118] 0 7 (C^-TSSWlMSW:. 01-061CJ; 

9m.wistzmmtmmT&2>tf, zv&mwifZ. mm®. 

n -r ;n ©a® ©#xnfci*ffi U p K^ffitttf 7. £fttT £ 

^««, mmWL^-i ;HcD»ffi©^X^#ttJL.P{C*f[^ 

^>o T^t)*., 121 7 fc^-r^J©^Btt, zi^ )V<DW\m-r: 
[0 119] S8ttl211~0 7lcJ:OiiBJLfcSg«± 

Biomfc=i-i';i/«BtcKit^n^^xDJc#mLPR^ 
x7xp>:#uiL^fS](Z)ffie^j^*-r0, m 9 tela i ~0 7 

m<Dm^-rm. mi oizmi~m7iz£iom.WLtzgi 
mzm t» ^n^s«ni' ;KD^/xp>:#tB l p 

[0120] 08 1:^1-0 1 ~m 7 ©^StC^tt^^Fffi 
1/P711 ^X^ffiL^|ol75^i*@#:8<7)^«ffi8 

- 1 izttLmmftm&m-tTmtfibnT^z* z\tnz. 
^xq^^th l p 7 z&mmte 8 8 - 1 tMft 

is - i izMVTmzmmzfjx$:BK.mfz>Ji?iz-§-z> 

gMTS3a*^S<-r«»^e>-C i $)-5„ HfiJzl!«)J;'5(c^X 
PK#tBLP7£. ^XB>C^mb*(S]A^fi@#:8©^ 

i£#x tsts^^x t cd^^^m^ mm iizfto 

[0 12 1] BI8{C^-r^fXPX^mLP 7 tCtttt^tlfc 
fcto^. «<0S5«SD&|6I) t*XSift*mL&*-&©«i|* 




ifiwa. tmjjfiwzhtez-f* %m®fc<DW.mj5fa wis 
ft) \zn^<DMm^m^x^xh^\ £tz. ^taL 

«. =w )im&z>w*5€mmfammiz*iis. gwtcis 
it. ^mLahm&®fc'p<ij-t\zttVTiiM<Dffimx 

[0 12 2] ffii£Ltz£otS.13X(DVKZ\ti^umm$:m 

mmmm) &*:m\z$]±.2itz>z\}itfTg2>. 

[oi23] E9 iz^-?%f&®fc 8 (Dmmom&^-fm 
iz&^x. 8-iitmnm. s-2itmm^ 8-3« 
s^jfgB. 8 - 1 • itmmm m) -c&&„ 0 
9 co ~i2i9 cj) iz^-r^mm^<Dwt. mm^x 

iz&^Tb&m-rzzttf-c^z* 
[oi2 4] B9 M) , (n) tc^rwa, 01-0 
7 tc j; o mm utzmwizm ti c n - >#co#ijg£j$ 

ofcOTab?.. 0 9 (a) , (-) ic^TWi, 4>*T 

miZ-f2>Z.£&T%Z>ffimT°&Z>, 0 9 (*) ~ CJ) 

iz^ktmt. 0i~0 7(c^bfc^e#:, Kiiign-f 

Jk Rtf, **XBX^tBLP$l 8 OSlHlte (±Tffi) b 

^i&^£fg££-&-5fcCDT&"5o ^LT, 09 (*) (' 
^T^Jte, %tkLfc®Mmffi8- l • £@#j33ZZ08lfe 
?^?gD8-4lc*«6, fi**SWai§HEK«fc0. jglttt 

9 C\) ~ (?) K^-TWA. 8£lfc«'mK£>f'JfeV 
**gP©?L8-5=t0^ii!^Sfi1ttti. ^T$t 
^=t^(c:L^ct)CriT*-5„ 2ZIZ, 09 (U) (^f^J 

«. ^rnmfc 8 ©±® 8 - 1 \zm tam^m^m^^. 
tt\ %mm&8 ±izf&&fcmz'rtt>-&z>bv>-?&z> 0 

[0 12 5] 0 9(C^Lfc^@#:8«, BWfCiD, 
[0 12 6] 01~0 7(3j;D^L^iggtCffl^e.n 
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-s nm =1 -r ji/cd# xqx# m l □ co^s.t>*@Btt»^j £ 

^tUlOte, ^C0^^^WT?>^tt^*^2 
O0DRffffl«iiS:y:ge«CD^J^fe^bT^^„ 01 0\Z& 

<^t, i - 1 immmi$-&z>^\t%$&®Mmzttfai,T 

iP*aSS. 6«tt^Xil8S. 6' f£ft&& 6-1, 

6-2tt$Httsnitttt&#xag5, 7tt^xq):^tBL 
p, 7-1, 7-2«»iisnfcraa**^tt»tt©« 

©WS^LT^S. &i5> 010 CO -010 (5?) 

[0127] 010 cr) iz^-r&m, ¥«¥#3-r;u 
*xiiBS6*i9:wfc«» 010 (p) (c^-r^j«, mm 

a«ft»03'fJH*S^ tt^Stt*^ P*S 2 0 - 4 ft 
^/X^^ttiL P 7 3r*rr5#M&#;*«S§ 6 $^SbtM 

*ilK4t$tlTViS^T*?>. 010 K7K-T0iJ 

J:DR1£Ua$«LfcflU 010 (zi) 

mtmmffl6' ^Lx^mm^-oinz^o^m^ti 

[0 1 2 8] 01 0 (*) , (^\) . (h) IZtHTM 
tt. ^it^nfe 2*©««&^fXffiS§6- 1 . 6-2 tPX 
*WIP7-1. 7-2*WT*i«««[3'f;KZ)«liS& 
Z/iBfi^JTafe-S, 010 (*) {c^-r^Jtt. n-r;nco 
Ki^ilO (D) fc]f<T«fitL, «#6^fxa»* 
2*M5iJfd^-tfc«a|T?3&0, 010 (A) tc^-TWa, 
n-f ;p i snw wt. LT&m<nftW>*ttn*m&iL L, 
n-f ;n <nmm\z 2 *©tt*S^f^ii«6**»UT«i0ft 
Sfc, 010 (h) (C^T0iJ«, n.-fJP 

[0 1 2 9] 01 0 (?) . CJ) fcjjmWi. tt^X 

i^#ai lp 7 ^ 6 ©^fx^ta^iiffi-rsiis/ xju 2 2 

&WW&m*z?ffl&. 2 4tt^1y*>**HttO'J 

n-cn*. sfe, 010 (jo tc^rwi. m%L<Dm& 
fc^««n»tS2 o-4o«jgRa®««fi|-c*o. 

P*S2 0-4fd^*AP4-l. ^*(DffiP4-2 



(15) 
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^ite.nT^-5o fit, ^m^tmmi^m^m 1 - 

to 1 3 0] mi 1 «*%BJO^3 0D»EMffi('J;^g 

[0131] Hll (a) \z&^T. fgJMfc8CDTgB 
8 - 1 T^^bfcWm^ffi!^ 8 - 1 ' 1SSO 

(mtf. 7K**-5^tt^^) ##y&£nx^3;&js 

ibSlilffi^fflRfrt^tTL, 3dt^§§l 3* fife 

sit^nT^ss^otfi 3rt(c**^.nso fi$T-r 
^si«9«, ram 2 w^aox&Tir 
mzn&yfm&iJxMiz.k'oftnznTmikL, ->u=i 

>fe4£iS3ll 9 ' iaoT5»Ogl 3^*s6e>n-5„ 
[0 1 3 2] 0 1 1 (b) tC^-TWJ, mil (a) \Z 
iKT&Uz&itzzimzitei 3<n±%Mz, in' K<k 
Dii5^lC[5]fe$-l±etlT^?.tHje@#:l 4*»»tT«|j« 

ufct>©T*s. «T»««s»9tt. cicossafciiwE-r 

9* iLT5^S^igl3l:II^n^ mil (b) 
C5S-T«0»^, mi 1 (a) <Z)*<&9 1. J:Dffl/&H> 

Hieyt7hl4' iZ^Qm&t&WCD&mii&ftoZ 
£j&*T**. Sfc. BKHttl4tt. Sn^LTffl^SC 

^{CckDP^$n*„ Ell 1 (a) , ill (b) l;^ 

Tmmmm\z^n\t. w>f&&m&m^2>z\t.t$.<, s 
[oi3 3] mi 2it*mjio?tz4(DmmMm\z&z>$i 

-r£««£»n*.fc0ijT&3. te*s. mi2(c«, 
mi io»-&t^-T«t^. 

[0 13 4] mi 2(C*^T, H^Lftfr>fflWMft<Z>SI 

^ft-r >rf- v M-aessn*. s^otsi 3 a. - 
Rkffitt 9 anx>'j3>*»«i6t. @{k b fc 



2 fC^T^SSJgSgra:, 3/U3>»M»a«9*535*oK 
1 3rt©»Bfc»U 6l:lSLT«l&^o, TaktOl* 

[0135] a#, **sjiM-*»isii-r*t»»«tt. & 

**bfc<<, »»«aflE*a»©»»jafli«fc0 5 0'c 
~i 0 ccsK-rsi&naifco. s&tc. #<c7ww* 
jajfta**«at<*oT75. l^u mi 21c 

[0 13 6] mi 3f4*38^©«5 0H*JBIBK:«tSS 
g©M5ISWt5»fffillT$0< £JTF. mi3«-#B8 

Lfti»«i*i6T->'Ja>»ifill[tb. x'Jn>g 

mi3fC«, «t«*Stt*ffl5»«0*.S^LT*5 

0, *tt«»*aiiftf*a5#©*rictt. mi iod*&£: 

fWJ — Xct^. 

[0 13 7] mi 3K*HT. B^L&fr>8M»j*<Z)8 
^McDRfe^roPfUl 9rt*iirpX*P^gl 5frJ:D 

jqf!&<*ft;fc*-3»£i 3rttffiiesn. 53t£-p«i 31*1 
ii9»t «M9^ffMHKi 6 (DiBkm-cmm-tzv&m 

±TSBMXSB^nx^-5» fit, >"J=I>*§gfi?& 
[0 13 8] fflttigttgi±tf*fTP»^ fltt6B»tb 

o^^wtc+ 5 ot:~+ 1 0 ccoSia^jEJSXJbo* 
ffl-fktcfisoxv^vio 

[0 13 9] #«ft-f >=fy 



(16) 
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[0 14 0] Ell 3fC«fcDWWbfc*»W<0»5<OHSfi 

tbxnmizsjm&mimt Lxmmte-rz z. t&x 
mm<D'M<t. m^-j^-it^m^zt^x^^ 

[0 14 1] Ell 4J4*38W©^6©mfi»ait«fcSS 

ktf. m 1 4 6 commmm^mm 

[0142] mi4 (a) . mi 4 (b) KSSHT, -> 

@#: 8 CDS® 8 - 1 T5S£ Ufc»i««E]S» 8 - 1 ' £38 
!*B# 8 ©{£g&=fc 0 «T**irittTB«ma*TlHlKL 
T^41f»Il 7±©>-'j3>jg«a[l 6fC«*&L& 
S -> "J =i >Hilg|| 1 8 2r/£fi;*-tt& d £ iZ =fc 0 -> U =J 

6 ©MW^lipJMeiirafS&LT^s. 

[0143] mi 4 (a) \z7frrmxm^z>*iz>&m& 

#8«, (-f) -0 9 (A) KjSbfc}Btt©t>©£ 

tinci:^, sst. mi 4 (b) \z9jk-?mxm 
i^n^isaft8ii i9 (=.) izinht^mvicoiico 
mi .4 (b) t*-r«©«^, » 

H*B#: 8 ©31® 8 - lT584l/fc»»«8-l' tt, % 

^-©$fcSg&8-2{CiiJ5. 5fe«gB8-2«, MFKffiffiC 
&tt <««) LT^S^«6^St^8-l' ttPJ»fc»ltt 

Mi6i:Mm sfc, mi 4 (b) testis 
se«. ^H#8<DiHite+^t^giSssi 8©tiite 

cfcO, i%-fcg*^jfe£«||fflH©ffl±£«H*;ii** 

[0144] mn. nmm&zm^xm@i&$:!$.misi*: 

&g£U XiDfztb. mEk!&5&\Z&f£tik-< >zfy h © 

mmmmmmts m,ni>v>m4o%$k±.) s^stit 

^feos*€rft*>©£te£ 0 (fiR) ©^*§ 

il«#gB £ <fc T * £ ft: 5 # © * j& 

[0 14 5] mfiiLfemi 4 «c*T*5eiW©jS 6 ©SUM 

m*5£±L-z>~z>. zn*mm\^xm&r?z>tzib. ist> 



SUjg©;M@ft=i;2. h^' r >>5:m€>^t^T#^©^< 
©SiS^r^T-So 

[0146] mi 5it&mm<D$%7<DmmMm\z&2>m 

mi 5*#8BLT#3SW<0«7©3HMJBJB£lttW 
T*. ^©fg7©|H»g<itt. BHOf^tBtti:. 

[0 14 7] mi 5 (a) K^TWa. @#*SA 
A&5^«i£*SA) -htc. S&2'©KJSIift=K;H ' £SH 

ilt, @#:*£A i 8 jbicftdMimMK 1 6 sfia^s-e-, 

m^LT^ft^±ge©^H#: 8 ©ffig^J: DJST$>*^ 

ttTB»Em-rs»»ss{(r 9 £iWfB*§ii!?£ 1 6 oamizm 
15 (b) WTt-*e*w8*©«*i»ih© 

ttfcWSWl 9£6a»Lfc0>JT&&. WTSnfc»S»9 
te. BSffi 1 9 ©JEHBKflmsn&JL 19-1 £Jlo 

[0 14 8] itfrt£Lfcmi 5 (a) . mi 5 (b) Izfjk 

-rem. sio^^HiUPW^sn'fjH <t 

A>*$BtftD, »MjK«**^S-&S!Bl©ifi5« 
ttadt^-rS-SfeOT^-So d©0>Jtt, fg2 

[0 14 9] mi 6tt#»E©»8©*K»l8K:«k5g 

ot. m 1 6 ux*^Bj©m 8 (Dmmwm^mm 

fe©TS>-5o 

[0 1 5 0] mi 6 (a) (37ST^J(Ci3t.^T, (S^^X 

3>a^s 1 7©^gpd«i&$tiT#iK 

afiKfi^-a-^n*., ->'j3>STi@si 7«. a: 

S 3 mm~ 1 0 mm. 4 0 mm~ 10 0 mm©^-ffi 

**lth*. #^^©^sxpi (tela) 

5:^<tl»fk*fi (Dislocation Free-fb) ^fxo 
fcsb, ->un>a^tsa (#ttrft) l 7©$t®gl5(c^fi 
T-&ISA«. -M©B1^3mm$~5mm4>, S$ 
3 0mm~5 0mml:^e,tl, ^©^tX^SitSS&tf 




»IK*l!iC**8 - 1 ' tfKIMfctt l 6 l:M^nt«ffi 

[0151] 016 (b) fttfHl 6 (c) (C^-r^J 
tt. ±»©fS3l*Hfr8O(fta«t0SiT-rs»iB«*9* 

*^ttT»«Eta-ra*i»ffi8 - 1 ' *, mMiz'j>u< t. 

t>lffl£t±0?Ll («) 19ft 

CStt. fflfflBRtgJSBRl 19-1 S^UTfffPttttie 

©fHJtrtrfc «fc < , ft&JgtHS D 1 6 — 2 ia^iSS^ 1 7 
©5feiiiat*ilO«iLTl»S. JSCWiB?) 16-2H. K£ 
BVM£gB©?L 19-1 ^LTlfM 1 7 ©$fc3Sia$<!i 

*. a^s*iHET»*-e:T. mmi^tztm 

[0 15 2] ffi*©»iffiffl'teT?ff&tonT^iSa ; f-f*fe 
Ml) ffiSJBKimiU *aftm£K*2n9RLT. Si® 

[0 15 3] 01 7BH1 5 (b) SQCH1 6 (b) . 
HI 1 6 ( c ) \Z «fc 0 b ft'flTffl H 6 nfc^#:P$g 

[0154] 017 h-) ts-rwa, ifie^ntsnffi 

1 9£H«tt©J^cL©flm£UifcK 017 (□) \z 

smwa. is®£*ru &w\z'>t£.<t.*>2m<DWimh 

fc?Ll 9 - 1 ^*-r§^JT*§„ 017 (A) K^T^J 

zrzMVizn-zm, 017 (-> fc^-rwi. 

*-fr-rPJ{SO/£^MtC-?-oT|BlSR« 19-2 £|gg 
LfcfllT**. $e.fC. 017 (*) fC^TWi. 01 
7 (a) , 017 (n) KSTfllSfi^'&to-frfcfl&fli* 
«rr>W^*S. Hflj^fCfeliT, ftgnffil 9«. igffl!?£ 
1 6 tPfigfSrtO^ili^ 16-2 UB^fclSW** 
IXai 9-1 Sr^LT^f S^^fd^M^ti-T^ffl 

[0 15 5] l»izBL&«fc:5fc:WSHfSl 9 6«fflni 
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Wttswttiet, mm\z<az>m&$:ffi±-fz>z.£tf-? 

Jg.mzi&tft>ntz?l$:, 016 (b) \Z£K>m.WL 

[0 15 6] 017 (^) KlSSL&fWtt, |SJSH1gl 9 
- 2 LT*3 0 . 19-2 «KIM«ttcB(Ctt 

Ct*«T**. Sfc, 017 (*) K^U^Wtt. 

[0 15 7] 018a*^©i9~SllO«S§i 
(cJc£g@©18j$£I&Bjt-'5#OT0-C ! £>D. J^T. 01 

8 &#sb LT^wvm, 9 ~» 1 1 (Dmmmm^mt 

3„ *^ffl!9~Sl lOHIfi^jBfi. fg#ft@#8© 
±S8-l{c, n-f;Hfc»tj-6hfc^n»cttiP<fct). 
■Ctt*f;*e!»C#W-. «H55fiJ»H*©±iB 8 - 1 tc&jHIgr 
»* (IN) 8-1' ft»£a.-ti\ fcStXl iuftEfSftSS 
#©±1B8-lfc:lMUMWBairi 6^jtLooitii; 

[0158] 018 (a) iz^r^mm9<Dmmmm 

tt, 3 -OH ©Ticl2Wc09 (*) K5RLfc*»»tt 

[0 1 5 9] 01 8 (b) fc^-r*S5W(OSB 1 0©*;5£ 
0 9 C\) -0 9 fciOK^bfciiil-tt 

SRK:£j5£*lK**lfc»» *&mzwtt 6 ntzil 8 - 5 .t 
OT*K«fl^**TS*T*B««1 9 

[0 16 0] 018 (b) \ZmT*%mv>%i \ 0©HSS 
*Utt^S5«aBrtO»HI«l 6KiSg;|«SUT. C© 

9tt, 015 (a) . 016 (b) (CJ:0IKBJL.fcJ;3 
^nfc??jS^«l 6(c««&T^>Clit>T#, ^n(cj; 

[0 16 1] 018 (c) IC^T*fSBJl©?g 1 1©HSS 
»Sltt» 0 9 CJ) £J;DKWUfcJWK*J*^«JIMW*: 
1 8SfflK »*ftH#l 8©±®fc^s|6f?§ffi?K^?aTb 

xmmm mmm 1 e^^^L. 

[0 16 2] M&Lfc*9eiP!®*9 0jafi«tttt. 



g-&, fgl KDnMMBM, mmwiffi 

m&m*m us: t & < w&wmz & d mmsktmrnr 

[0 16 3] HI 9(i*^0il 2<OH«Jg«K«t-6 

*a©««*Biwrs»f®HT»o. wt. nil 
z>nm®.zToui<n±mz5£mmte8&mwL. rmz 
[0164] ei 1 9 (c*t*^b^©^ 1 2 <Dmmmm\z 

fcUT. K»3tf^«. ±«W)5SiH#8©TaRB8- 1 

- 1 • zommmms - 1 ■ «, a^tc 

S. E«!l#18©m PWSfciMHfta-Ol'l (CJ: 
oTiPil&SnT&O, £©«®KftoTM$f#X##X 

[0 16 5] -Tftfc*.. £©ISifi»aBtt. _kS&©fg|»H 
#: 8 <b <DWM®MM.*l : U<n3&$mW 1 8 ©±g&tC7¥ 

S*r|iC|$i±L/T«^r*^2:*«r€r*. 
[0 16 6] &i5, &frfc«fc(3, 
tf. f£Jlj£&©%JMl£BI 1 6 (a) ICctO^LfcJ:5 
fc*F#»**fr3*te, ±g&#7.P*;tfSLP7- 1 iOg 
Tg&#X^ffiLP7 -2£D^ffife^£« 

SB&it-rsfcJ&K:. ±«#Xi*mLQ7-:i .fcOWfltf 
T^X»>:ttJLP7-2ctO?Fffi'l4^XS:«t$&L 
Tfc=fc^„ 

[0 16 7] El 2 0 a#38"P!©S5 1 3©3HJSffi*!l('=k3 
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^ujHj-r-s. 0 2 o iz^-rnmmm^ u^)v<Du.tm 
i 6 ' £i2« -?z>nmwmx& 

S. &*5, 02OK:fctvT, 2-1. 2-2«SJl&n 

[0168] 020 (a) \z^rmmmm\z^x, m 
at*. mm^^jvtmm^t<Dmiz^±-r?>mmmm 

R%.-ft\Z&Z>&m+> (l/tr->3» fc-fcO, £ 

M#i6' tic ±9. mmw 

16' ©4£Jfira£-fc»rT^< fc©T*-o5. 

[0169] '&nk<Dmmmmmt. mmowm&m&m 

ffljfi 1 tt n -f ;u fcfijttrr -Suited; -5 Tfrgi £S ttJ6B&&« 

[0170] 0 20 (a) {c*T*^BJ©*JE^«. 

Sr. #XqWi}LP:&>£©, Mill ^FStt^fT-tCiS^ 
illsmhil tMJl t \Z Jc o CSfttfi»>3 1tS C 

xmmiZ «fc o **©»»ait{*:S:5fe€lCfiy* b 

[0 1 7 1] 02 0 (b) fc*T*5!BJ©mi 3©*SS 

jmvEMWit* ffimLtc&*\z&&2fttz&w®nm. 
#i6" (ca^Afts^aeifMeA qa**) i 7- 
^ssfri 6' izyftg&jjz&zwmmux 
©^^ff^oo, wia^sn^ctoiis^ssrfT^^e 

®«J««IT**. ??iSTS^a£?Sl 6' ©I4««. 
jft«8f£3EWrt»^fX?JcmLJE*K:^oT3E» («»>> bB 
V^. 02 0 (b) !'^-T^«> #ifi?§K#:l 6' i:i 

[0 17 2] fcts, 02 0 (b) fc^L^Wtt. WWm 
»#16' ©Ji^lCH^S 1 7 ' SfiS«*UT±^tw5l 
±tfS^JT^-2>^. a#Sgf a 1 7' ^}§i$#:i 6' ©T 

mz&mLTTiiizmTtf is * 3 1- Lttin. 
[0173] 02 kw^i A<D-mmm\z^ 

[0 17 4] 02 1 (a) l:*fg 1 4 ©*ifi»JBf±, 





£. IJMea^UfcTffiKEBSnfcSSJfcHfls 1 

8 <D±.^mmmmm 1 6 tc«i&L^a^*^ff t)-ar-5t> 

©T&&. TffifcEBSnsSSJI&Htey H 1 8±.omM 
D8fcftfE"&.ft <&:•&. 02 1 (a) iC^TWi. d©S 

zmom/v^m&vmmm mmm<D®&* 20- 

[0 17 5] ^LT, COWJ. ffia*©«««»*K:i*3i 

«a«tffifc«fc o Thwart® t#««ttHTjgMati 6 

[0 17 6] 02 1 (b) ^^mv 
□ 7 ^*-r-5^jlig3-r 1 ©TSKfSflfcHtf: 8 

dE»*XfciR#^. fg*-r*Sfffi*iB»» 1 6 SiWrtHH 

t>, 021 (a) izmis tzmmmmnm-s himmiz. m 

fc« nBfi2.0i:»||WS6 4:©IKIfc56*-r*«88affifc 

[0 17 7] 0 2 2(1*^(5^1 5 0*J6»JgK:«t* 
0, £TR 0 2 2&#RgLT*«WO»l 5©1ftKf£tB 
[0 17 8] 02 2 (a) . 02 2 (b) £^#£91 

©mi 5<Dmmmm, ■€■©*»«•]«, 02 1 

(a) . 02 1 (b) (C^LfcJgl 4<D^mmm. R 

««±. ife imm£lk<Dtix (Mill ^?S14 

7' -1. 7' -2&EfiLT«jSUfcfc©T*.S. 
B2 2l:*HT. 5' -1. 5' - 2 teiulfe#7.ifc 

[0 17 9] 02 2 (a) . 02 2 (b) fC^-f sUSSffi* 
&M. fliffi&«tt*WglW=#*iJKttlLCI*EBLT 
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miz£&mmm<vmnm^?\-mm£<Dim\z&2>mffl 

0, SiS^X^SJS^^XAm^ffl^l 8©*ffitcffi 
SLT, ^B«l*«llfcff5^t*»T?**OT. -to 

3&»t#-5. sstc, z\(DmmmmM. wmfixomn&iz 

[0 18 0] 02 3tt#SS9!©»l 6, 7 <DWHm 
8lt«fcS«BO«J«*RWrS»r®HT»0. WT, 0 
.2 3S#RgLT*fSWO*l 6. mi 7©*Jg^ffi^tft 

[0 18 1] 02 3 (a) d^Tfgl 6 ©£EKflia&tt, 
»&©^««2 0-3£#X»ttiJLP7' -ltSf 

l»20tlSH20-2il:«J:oT. l^lt$16^ 

#u siiiEiissffl^2 b<K^m&®t.mmmm \ 6 
km 9 «B»«n« i 6 \zm& Ltetfzwvimgkom 

[0 18 2] £©fgl 6©HJ6fl^«, ifiSjafta-fJH 

¥is^tt5#y7 h 2 o - 2 k«su nmvtnm 

16H igJS&=K;n (cioTiragfcsn. 

£&ntt£>ffl fcfS£T *«a5»*«fttBEte «fc o 

h20-2Sl (««1*©«IA, W 

tt!B^6»»jei 6®iaB*Ttf, @<b-y:LJ6S^i(c 

0R^2 0- l^T^^TtfT, iSHS^'f^liCDE 

[0 18 3] «rSB©HJfi«|gtt. ^tt**#:2 0 £» 
Hfi?K 1 6 t*««S[ffiO*»C«fcoT*SattlC»J^r.6» 

J; o T ■€-© |HJRtt*aa» L. $ nfc^Btti»«#:^ 

^gfi^ t © mcDBjftiBjtt* * v »fc *»»jBtJ&*j , &ai s n 
[oi8 4] 6<nmnjvmte, umammAit 



(20) 
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mz^^tiiLO 7 ' &2>M$T - 1 SEIL. mile 
/J?^ry hgBcD^fX^ttiLa 7- - 1 «t D^StttfXSrifft 

fe. #^r-vH^ja cwws) ©#x»totJLP7' £d?f 

iS&tt^*Sl^i®WJ*«-3tf^*iWbT»M»l 6©n 

[0 18 5] S&, mi 6 ©HJttJBJStt. jSSta-CH^L 
fctfX-AOffittlLOIRfc, Wtt#7.©i&tttttcJ; 

a. ^n^i$r-#:fbUfc^XD>:tiiLP$*-r§inis©^ 

«14i»«#S:ffl«riTt>«t^. SS 1 6 ©HifciBffi 

S*ITH*©T. »«««afc«fc*»B^©«*ini3»© 

«w*fi±a#*ct3&»T#, ao, &««%©&&& 

& H £ {C«t o Tffit ©J£4£© x A «:» ifif * C <t #T 

[0 18 6] 132 3 (a) tc:^T#fg0J©fg 1 6 ©^S£ 

(ftMB *JBV»fc*«. »l«««©ttJI&KibT, # 

■tiftl 6©3lEfCffcfSLTfcJ:<. jltt©gMgjfc 
->U 3 >#£ffllvr*©TS^*flW3ifc:3-f ;|/ 1 

(Mffi) absvMa@#: mm ©firn©»»Tt>ttfflT 

5 -5. 
[0 18 7] mJjzELfc^BjcDljgi 6©sfe«Jgffitt. flft 
iiLfe=fcp(C> *IS:©*fil*«Eflf*^r-r**?&Stlft:^« 

[0188] ( 1 ) 8Hktt6&»£ i±T«RFTS £ 

(2) mis.&). mmmmz&&Rtm-#w&&mz< 

(3) »M«<!:*JBtti»«#t©IBK^iStt*fXJi3J«# 



(4) i«ffl**iBA««6nT l bjtf^JEKJ:oT»IB«t* 

(5) Sft LfcHSffl^ ^ i A^TOfi^X (Cd: ^. T 

(6) B«£xA*JJiftTS -f>=f 

(7) tt*&-r«®»©«|g*«ft# (Stffl) . («t 
ffl) &3<^«H#: (@ffl) ©f6r*lT*oTt>«fcH. 

(8) ¥ffi*S«»3-fjW»»»^®fcB»UTt»* 

©l«l±*0SC:t^T?#*o 

[0 18 9] 02 3 (b) K*-r#fHB©J8 1 7©HI 
JBJBWU ttft©|fi«MKM 2 0-3 S*T**»*nfc* 

14*«^2 0-4(C« #XBfcii}LP7' Rtf7' -1* 
»W\ ^Mtt^*#2 0©rt#J(C^®6^1 6££j&£ 

tt^mfr 2 o c tft < mm#»i£tvxi**.- 

[0 19 0] l/T, mi 7©*Sg^tt, 

/s^^^si 8t^o^2 i^bbsl, ^/xi?>: 

HJO 7' (#X^AP5' -1) Rtf7' -1 

AP 5 ' -2) ctO^Fffitt^X^^L. M160 

±g|$J;0. 02 3 (a) TlttWLfc*&i:ra«C«S»H 

# 8 <DTmzif?Mfcftfix£wmTm±zi£tzi%n® 

SJffifS9&tt*gLoo, Wfe^»#2 l*TP*a*T, 

[0191] «#&K»tt. »»aa«©*«:6t*!iatt*s 

7' J;DM^^fXSr. 7' - 1 «fc 0^fgtt^X*#t^L 

ffl^x, isastcigai 8<&gB«Lfet>© («aE-r*B2 

[0 19 2] 0 2 3 (b) tZMttfemami 7©*Jg 
»J8tt. Ikgr~il0kgr ©ftK»£&»Lft& 

^>fr. ^©*ffi^«, li»»:?L©*t^^£*t3S* 
T. IWiB&Rtti»*flctm3a7L**5^*o«©nffl4: 



(21) 
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[0 19 3] fiBtStfJa-JUF • >^;U (Cold c 

rucibie Mei ling) mt. mm&nmm&zntziig 

<D&fe&mmmT°$>^tct)\ mm^tcmmwrnit, z. 
n<b<z>mm& : &m®:-?z>z.t&T^z>. r^*.. sgi 
7 (Dnmmmz. mmmmmm 20-3 ©^©TK^sti 

fc£M£*«#:l|&2 O^lCtfXBfcitiLP?' 

tlfctfXnfcttJLP?' JW7' -lct^H^^^X^ 
£W2^ffitt;tfX£^LT^S©T\ mmfcl 6%$;%. 

[0 19 4] MjZELfc*%aj©mi 7©3ft5£fl^ 

fct, j£9$©#XPWliLP7' - 1 iD^fc'ftrotfX, W 
ill H 2 0. C0 2 ^©*^**I»»1 6C?»Cii*, @ 

[0195] wimisfz*mMv>m 1 Tommmmiz. m 
mm\z£-?T&.ft-$nr£&m&mw.ft-2 0 - 4tc#x 

0 «0^«fcl?5««3 -f ;U 1 " £BES-r -5 £ <h IC «fc D 
IC^Sck <DM$:mZ> Z. izWC&Z. 

[0196] ( 1 ) *«©»»»£^Ki*»«#T* 

(2) ««W«lbfc«k*«i5W?frai*gJtc< 
(4) S5«jft««d»«Ji&nTt>. #XEEtCJ:oT. 7§fi4 

£&MTZ>Z.ttftz<* mmz&jitTz z. 
( 5 ) JjW$lltiK 1 6 tC, 2 0-4 KtStt 

6nfc;tfXi£ffiLP7' £/tf£7" -lJ^eiKttRWdE 

(6) teafifefi**jmt*«#2 oois«KiaB*nfc 

0fMSII±<D*T;&: < , jglfctt 1 6 ©±««®J; OSS' 

(7) «*er*jg(»©tt!B«»Sl#: (SIS) - M# (« 
ffi) &5<^ttB#: mffl ©MnT^otfcJ:^. 

(8) »fbtt^S?*ciitr^tK«tOK»l|iEft»«*ff 

[0 19 7] 0 2 4tt^i0^1 8©*SS^«glCcfc* 
$SS©f»J&S:I#i33TS^B0T-;£>'9, ti.T. 024^# 



MCold Boat) &fcjgfflL/fc0tJT&-5. 

[0198] in 2 4 \z7jk-r*%w<Dm i 8 nmrnmrn 

«. «»O»JWaE«2 0-3t«k^TK»$n, 7K^$ 
tlfe^Stt#*#:2 0-4CQI*lB{C^Xi^ttlLP7 ' - 

is«w\ ie^ittii#2 o-4tc«toT#-hjg 
ztuzmn^iJx^m^xmnmmm^mimm^L 

U&*>. &m®tem (Zone Leveling Method) 
l&WfnMfe, (Levitation Zone Refining Method) \Z 

[0 19 9] 02 41:^^1. A-A' «^JStt^«#: 
2 0-4 »C«fcr3T«l«Sn*R««B©TfB#- bm£tt 

6 tt53Stf-C* 0*flH±#xa*»E3'nTl»*. £©53? 
flf2 6tt«-&t«fcO»V>Tt>S^* 1" «HflS3*«#:2 
0-4t5^©^J5t»CiBBSnfcjSSSift3-fJk 3- 

t(SKH)E*tiT^*. *&. mmzfny?<DMffi\zmWl 
■2ntclfi&7k<DW.A. ®tULP^2 0' -lT^L. H 

cx^xhapss' -l. ^xiae^6' -i. #x 
^©sis»c»a$n&?&ai*o5tA. mtHbp^2o' 

-2T^l. A'xm.Xa^5' -2, ^XBB^^6' - 
2. #Xi>WiiLP£7' -2T^LT^-5„ 
[0 2 0 0] ^LT, ¥fl»4itt**ft^Pyi'Rtf 

&m&mmfo»2 o -4tc«, 

-FffiKttSW (B#)'SilU cn^tfX^itiLP 
7' -l3^&«D^£tt^fXEAlCJ:oT9»fiWFU #C 

^i4b^i$#:l 6«r«J*-ra. Zl©<h#. ^St#: 1 6 

So 

[0 2 0 1] £©#5SiJH©3liSJgaStt. BtiiLfecfc^^ 

>> H^fb->^>«) s#t^ L , isnB, TgU#-h 
©^/X^ffiLP 7 ' - l&OmtyfiZ.&rtZ/AZltUW 

©«®T,5JS (#»&£^tt«7c) LTJSW^ («A 

«->un» ££i&u rai^ic^a^tr^-rs. T 
z.(Dmmmmh, #x ©^i&ic.to^ 

[0 2 0 2] *-LT, Z\<D*f£m<D&l 8<D^mMf& 
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23 (b) iz&Q&wvtznmtemtmmtzxbgi&mz 
[0 2 0 3] mmisfzx.oiz. 8©n« 

^m.mfrt><Dmmm&. ±m<Dmmm^^mmmx 
mmum-t & z. t&T~gz>m<D?m*n2> z\ tw^. 
&feLrzffmmmz±K)i&£hf&m$>z>wm£h (&m 
<Dmm&ftoz\t&T^z>. 
[0204] 12 5i$*mwv>mi 9. m2 0(Dmmm 

2 5£#BgLT#fgBJf©!ill 9. fg2 OO^^^IK 
[0 2 0 5] ->U=i>^»^©^«, 

in, ^2o<DmmmmM. Km^sm. &&&&&& 

±&mz>Z.ii$:-ii]mtLfcb<Z>T*&Z,, Ttet>*>, #fg 
BflCDjgl 9. fg2 0©*S£^<itt. ^ (^i&feSWS 

[0 2 0 6] -IrLT, 

wimm&ytzwM-? ztztb \zit, mmm&-tizm& 
muiz&ftznfcitffiti, mmmtuz, 

*s < . mimm^zmmm^tm^m^mmr^ z\ t& 

[0207] *^bj©^i9, $g2 ooimmftmit. m 
mmm<Di&&!Zk±.\z&&2ntz. mmuf&mte$>% 
mm&\zffim&m$izi-( )imznm Lx^tm^mm l 
{&mmmmft mn-m ^m&yt mnm zmm? 

/h$ < &■& ttfr K> T& < . 8B£H#>T/jNjfc{fcT<£ Z. £ 
/^T^&^WfiJ^WLT^,, 

[0208] 025 ia) iz^Tjfrmni&mi $<Dmm 
^^jii<D±\zmmznz>%mm#8(Dmm8 

77-T7, 5^) 2 7-l^IStt. aiHffl^MS@2 
9 7^<i©!S)ig7t£ft*© (77-f/H 2 8^11, fift 
IB^#:2 7-lC0$feffl2 7-2ctOMIB@#:*M8- 
1 fCHgWT-S^CifC^StlT^S,, 02 5 

(b) lz^T*5£W<V%i2 Offl^iSflli. =K;H (D 



TKIBB^nSfggftHffc 1 8±Kfl^£n£i§iM*:l 6 

*2 7-lSm ®Sffl^MSS2 9 7&^ro®®7t* 
ft^Tg 2 8 £«£T. mJiBft^CDftSKi 2 7 - 2 J; D mllB 

[0 2 0 9] 0 2 6«*%BJ©^2 l(Dmffi.W*mz&2> 

^lt*^bj!©^2 lommMmzmwrz. zwnm 
mm*. m2stmm\z, i&mjjmmm^t 

[0 2 10] H2 6 K*-TSB2 1 ©*S(5»J6tt, i*Sc© 

2 0 £»iIL 

xytm#2 7 - 1 W)Um%Mm.w.2 9fr*><Dm 

mftZXmm 2 8 *«T. lW8Eftig#©$fcSiS 2 7 - 2 J; 
0MIB«^*/E(CJ;oTSflBB#«14««#:g2 0 

[0 2 11] flGiSLfc#3S9!©S6l 9~|g2 1 
IBtt, 3tt*«2 7-l*l«**iittffi3Scfflffl^SZli: 

&HBStTS££j&*T#-5. Sfc. £n<=>©Wa. 3fc*« 

o <Dtmm.m 20- 3 »*v^iwe«»ik:tt$ *n/i^ 

LT. Sfc, «n««i:LTifil 0 0 nm~3 0 0 
[0 2 12] Sfc. IWlCfKUT, -f>3t-l^>h7t 
nt-U->h7tM (U— tf) <h LT. mtTJlzi> ■ x. 

[0 2 13] -HKK. ->'j3>KS»iB*<0«lii»*V» 

mm G«5*a) LT^zmmzmmmfe mm) ?z>z\t 

[0 2 14] LT. 5SJ»H#**^fi»l» 
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co 2 1 5] Huj$Lfc*^Bj©mi 9-^2 lommm 
moum&jEmizmjz.L. mmmmiz^x, mmmm 

[0 2 16] ?-&fc>*>. ftff$Lfclgl 9~fg2 1 ©HJg 

TKttfcftiWtt: (^7. 2 7 - 1 SfiJJH 

a£SB2 7-2*>5§«\ ftigff (7 7-fA') 2 8£M 

t, «s*ta«BHS©iaa[*ai«2 9K«tDiaa[a:&rjCK 

[0 2 17} ^#2 7-1, %m&9tM2 7-2. % 
mm (7 7-fA) 2 8tt. -t©a»»C«fcoTJtX^;^ 

[0218] 027 «*^BJ©m 22, fg 2 3 (DmMM 

2 7*#RgUT*56W©»2 2.^2 3 OHJfiJgJiSriK 

[0 2 19] ^5ESTfcittWLfc*58Wol5-*«S»JBtc: 
*»t*58J(ftH# 8 ©TSB«ffi 8 - 1 L □ 7 & 

[0 2 2 0] 02 7 (a) K*T*fS9!©aS2 2©£J6 



T. ^»8J10I^. *»$nfc&JR§W«2 
2-A£§2SU fB*SH#:8tfll»ia^«2 2-AtOffl 
fC^fgtttfT, (0<J;l«> 7)Vzi>. *mm) £SitLT, 

-5c fc*5, EI(C«, |fi»«MI©«f3ii*ffiBS2 2- 
A' TSLTt^. ^flH4^fXO«$&a, 

©T\ ffl8B*HJiS£, nfc&JRtt 

R«<!:LT't>J:<, *&. 02 2 (a) tC^L fc^X^ 
aLn*Wr-5&JiH4ilMH*:2 OcDFmt.LTfcJ;^. 
[0 2 2 1] iWaSTK:i«iWLfc*«*Oft^Jfi»Jgfc 

[0 2 2 2] 1112 7 (b) K*-r*«M©«2 3CDHSS 

t. -f >^-y hirfe5^^e# 1 8 iimmmft 1 6 

5lDHAyTr> *^$tlfc^MMW*H (RfB) 2 2-B 
$ri2BU. h 1 8i:^fS}2 2-BtOPfl 

W2 2-Bit iawaat**r-r**»snfc&«tt« 

So fc*3, «Ma««©«I0a*fiH«r2 2-B* tLT 
I«mtfe<t<, 022 (b) tC^LfctfXPfc 

tHLP*Wr*ifeBtt**ft:2 o©n«-et>j:t». 
[0 2 2 3] 028 2 4 nmmMm<vffif& 

02 7 (a) £02 7 (b) £S»*£to1£T«Mi 

iOfPffl«, 01 9»C«tDlftWUfc*Jfi«J8tra«T* 
«. '©fg2 4©JISE^{3i?^T> ±SP^fB2 2-A 

*ff oT*5 0 . TMftm 2 2-B ttT«JsK**«SII 1 8 
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t^S„ 

[0 2 2 4] MJELfc36 2 2-12 4<Dmvm&<D&o 

k. fsr»B***«r»tt!«ia*»* (#^a^tr) ©« 

©12 2-12 4©*ss^fflu;L m2o <t>) tcjcoia 
fcBftn' fc*>5g/B-r* 

[0 2 2 5] 02 9«*S§BJ©^2 5. 12 6©*#S0 
2 9«#MIT*%9!®&2 5, 12 6 0jQBSl«R 
[0 2 2 6] «i»iESTfc»l^Lfc*58WO«-^JfiJgtlC 

SSti^ (Particle)#£3§£$^Tg«l*l(c^ft££U 
ftSo 

[0 2 2 7] 02 9 (a) . 02 9 (b) K^T^fgBJ 
©12 5, JK 2 6 Q%lfeJ*tti£. «I*©KI*SMt 
Sii^BjigiL^ct)©!?. fgi&Qft: (3Si&H#:&-5^ 

tti«iacfia*anfc«sa) ©HHi-#?&;*ftifc*i-iaf£E 

©fl.«£E«U Hai2^fStWI512©^tSt©P B ^e. 
[0 2 2 8] mia?©l2n{S (SMt^A*-) «. HRC 

&swi, iaaEM€o&«>©«**<ffl*T*s. seo 

T. m2*«©Tffi«K:«*ffl©«&#&fitfcS. « 
r-TTH) jWBHSftS. 1 2 fl.fSS©TSSg|$tt. KiliS 
iS^LTt>J:<. £fc. i^if^3-f;i/©iliafcHAyT^ 

z ft t mem 2 *m ©T^ge t s -&t t> «k ^. 

[0 2 2 9] 129 (a) K^-r#f£0J|©12 5©*Sg 

scomm\z, n^tS2 2 -Ass«r*£*»c. ^© 



&) 2 3 -A' a««SftT«j££ftT^*. lg&2 3 
-A' & S2n«2 3-A©-8l5fc«Sg*|fi:ltT«!* 

5 KttW4«*4TfPSftfc:7U'- h 2 4 *f&|ftiS 251: 
^UTEHSftTH*. d©^U-N2 4«. !2^fB 
T«Hffi£Sa*SftTlr**. ^LT, 12 5©*SS^ 

«JS»*iH«asi 9 tt. ffi^lCcfcOTi^Bfcflt^Sft 

So 

[0 2 3 0] 129 (b) l:*t**W©H2 6 0*« 
ff5*&CfflV»6fta«ift«IT**. ^©^JE^ffifel 

mmmzs$ttz>mmteBv>mw\z. as 1 we 2 2 -b 
or$) 23-B' ^ffissnxi 

JjfcSftT^S. fLT, 12 6©*JUgffife. 02 9 

(a) <Dm&£fsim\z. «m«Rt;sg2^iKora*»6 
xa&m&zi-i )i,±M mm) ^<D^ta^±-r^z\t 

Sfc. iJUgUfcO. &FiK» 1 6 RtftMSA 1 8 

fP*£f?-5 Ii23-B' fct. J6 2*MW 

[0 2 3 1] IU 3 0 «*^B^©1 27. 128 ©SlSSl* 

3 0^#S1LT*^BJ©12 7. 12 8©*MJfffi*i„ 
BJTSo 

[0 2 3 2] l!fJi$T»I$£BJ Ufcl 2 5. 12 6 ©*Jfi^^. 

■2©*m2 3-Aafe-5l»«2 3-B<hll©Rfg2 2- 
A»*Wi2 2 -Bi©IB*»S*aB^*«3filW»a2?ft 
So L^L. SfflfflEa^^tfiffeWO^WiaTtt, SLzSE. 

(D^m^mmizuK-rrz^zit, mmwlzi-( ;i^©*@ 

(a) . 03 0 (b) 1C*T*^BJ©1 2 7 , 12 8© 
©T&So 

[0 2 3 3] 03 0 (a) fC^-T*f6^©l 2 7 ©*SS 
«Jgtt. Ka«3-f JH©±W»:iBB3ft-656J»Ea*|c8 
far S n -f £JE*HM© n-f ;u® izmmfc&ift- L 

£ffli^T. WIBJi^^S^SWtftScf 1 *^©^ 
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©upas (?L^fc«R^) 2 6 -a" zm-?z>*wzf 
(tin-) 2 6-A^iHSL. zi^^mtmm^^-yy 

2 6-A»:, #7.«AP2 6-A' SRltT. * 

rt^©sitffi£lftitTSJ:5tcLfcfc©T'&S„ 
XOSAIl 0{C*L/i^XjgAP2 6 -A' ^^(dPI 

•f) aft»6ff-3T*)J:V». ^fStt^X«AP2 6- 

A' (4, !&S{OfcDT*fm£:LT&ffl^£Cl£fcT 

T, ?S«©ll0aiLP2 6 -A" ^g<-r^^i{Ci 

[0 2 3 4] 03 0 (b) fC^T#^©Sg2 8©|g;&£ 

LT**^itt«S«tttm*ffl^T. <*/*-) 

2 6-B*EBU 3-f;i/ffii:Htr83*+^7 F 2 6-Bt 
©ffllC. A'X»AP2 6-B' £aSttT, ^Ste#A* 
tStAS-tt-S^tlCctD. KJ££/&;ffX©=i-f JUKS^S. 

K&Brt^©»EfcB*6&.ll:-f -5 «t -5 IC L/c fe«DT*«. 
^f£14#X©3IAtt. ^IA02 6-B' *6l:E6 
?\ BS«3-f;KZ)±»{c:|9:tt&nfc^i!»cffiP (0^ 
iff) A^froTfeJ:^. ^ffitttfX^AP 2 6 

-B' tt, ilPitTfflV^IiAST^ 

So 

[0 2 3 5] i!ui£Lfe#fgBJ©ffS2 7, Sg2 8©HM^ 

t?#s. 127, m2 8<DmmmmM. #X 

i-y h£*j£-r* te©&B£»-&«T*i 

sfc. ai2 8©stMira:. #AnfcmL- 

[0 2 3 6] 1213 1 tt#5B9.©£2 9, «3 0©HJ£fl2 
!UCJ:S§gB©^££I&BJT£8fr®0T2>D, UTF, El 

3 1 £#BH LT*5fiWO» 2 9, S30 0£ft&tB&8tt 
BJJ-fSo *»i2 9, I3 0OSWII1 BfriST 



8»ijuL.ifcf&2 5. sg2 6<Dmmmmtm(Dmmmmt^ 

[0 2 3 7] 03 1 (a) tC^T#fP^©?B 2 9 ©#|J£ 

LP7-li7-2i^L 3< ;H ©±WlCttf6Jf* 
H#8£HA»T£l*MW2 2-AtJB2^f«2 3 -Art* 

an. *6«tttmy u- h 2 4 s^ltwbe 

tt. ±gB(Ci§»J^ 1 6 &«8rra*eil (£*itt#&5 
A) T*^ii#18i, iMI^lW2 2 
-B^iSfiatlT^S. 
[0 2 3 8] iftlilC&HT, ±»«tta#:8©T»S® 
8- ltt, i£Jl&:3^;U^£©K^*Qft!U::<fc9S'U3> 

*4^X75»^^.i^aiLP7- 1 JiQRttlt&tt. Kt6 (a 

•&„ 5S£Lfc»l!fc«Mtt, Select DTI^L.T> 

# 8 ©TgBftS 8 - 2 tCiU 0 . =K ^T»©»Hfflfc» 1 

6(c«*&ans„ srts^Bfc^fxtt. sgifl-fB£ffS2*m 

[0 2 3 9] gFfltiKtt 1 6 SfiyrrSJMSii 18(1 jg 
S*«fft>ns. i§BIMl 6©iSgte, -e©JlfflKgBfi 

-f ;P 1 O^APfeffi L □ 7 - 2 * 6 tt*J£tt#A*<»tt« 
*1 eoaWKftttW-Sn. HUSAl 8fc»l*MB2 2 

8 ^iFUMKW 1 6 £©0&#®^©£j&£j£#X|ElDi* : 

[0 2 4 0] H3 1 (b) l:ST*^f(»*3 0 ©HSg 

7-1. 7-2ML, ±«©*JRH#:8©T««S8 
- 1 lC#XDK£tiLP7 - 1 «fcO!gi(sf^fX*P)C#ttT^ 
So TSB*®8 - 1 fc«^U&»Hl««8 - 1 ' «. T 

©«®lc^/Xi^mP 7 - 2 «fc 0M*4^Xrt5^^6tlT 
[0 2 4 1] LT. TBI50»Mtt» 1 6 Sfia^-T-B* 

«. 031 (a) <Dm&tmmiz, ^omwizmmzn 
fcnrns. a^tc. min«©nfflfc»2n« (*A 

-) 2 3-BA«i^n. t©IBIi6>6R«*|jE^CD# 

[0242] u±> ^mo^scommmmnz^xm. 

Wbfc**, *^BJ«. ^©SMtCcfcO. fl2e©*M^S8 
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[0 2 4 3] *fSMO^J(S»!BK«tntf, K»#*?Ktti 
»0»Mj^iBfil«±fcHft:TW*ffi*lia«iL. -^©*?H 

[0244] *fsw©*jfi»»t«kntf. mmmrmm 

[0 2 4 5] 3|E|6M©^Jfi«JBK:«kntf, l»l2SfT*i» 

«^-r a *«w « -s t> icfle it * & * 

[0 2 4 6] *56^©*Jfi»«K«ktlH, HfJBSJ^T^Sl! 
ffi3l-h*fr-5££an?**. «£*0^«E5l±tett. (Kite 

[0247] *fmv>mffiMmz3Ln\z. mtmymm 
isii±Kaaa»ie»j*»c:«t o«gfti«**ff 5 - 

[0 2 4 8] *5SW©^IJfi»!lfcJ:n«. Mte?ffiTi§S!! 

tiw&u mmnmmmz&r> oz\£tf-Ti 
[0249] *9£mw / mmw&jz<£ti&, auewr** 



[0 2 5 0] *5B^flD*Jfi»JBt«J:n«. MffifSTfea 

*ffoTtei&j«fi*ffto-&*;:t*»-c , frs. z.<D^mm 
set; jsaaLgoiWcicff^wffiRffto^KP] 

[0 2 5 1] *3^©gg«BBIBK:«kntf . M^XPJcffl 

ntc mtszi -< ;u «t o mmx* zvm ntmatftammm 
mz&&L-D-z>. ■$ziz*:<Dmmmmizm$wx&x. 

[0 2 5 2] *»^©m(S»!it«tn«. fg^H^^ffl 
[0 2 5 3] *5g9§<B*Jfc»tBl;:J:fttf, *»58*S0#: 

[0254] *mmmMMmz&n\-i. m^vt<ofm 
mfc<D±&mw*Ms&tfx<&misn&mTz>Wi i ©=k 

m&w-gnfzmimmizmi&u »ie«ffiK«to*«a 

[0 2 5 5] *«W©l6EJfi»«K«ttltf. W4-«©^ift 
Hi|-ttOHf*:ny KO«f>*»^a9!tt6 
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[0 2 5 6] *«woHJfi»ffiK«tntf. j^stc^xq): 
uin&w?s*&snfcXMtt3^ji'&jfl<r>. 3<;u 

©±TBfc**l6]bT$8(l&IS{*:£EBU ±SE@#©Tg|S 
£Bfce>tfK:~F«H#©±8l5£®&. *TttlIiK**©»Mj& 
BSRliKJnltftU *©*HfciWMf;**^t*TIC» 

13> ^©^Jfi»|gfc«fcn«. ±Tfg»Hfr©tS3ffiTII$f 
J«2-©S8££3&s|5«fc<fT:?-r, m&<DM*ftt>i£2>z. 

[0 2 5 7] *»WO*Jfi»ffitC«kntf. n-OKBWffi 

mnmmm<Disamtmm\zmm^^(D^m-f\z^r)mm 

&?roZ\ £©3S»0BIBK:<fcft«:, ffi 

BR) CBfl*3A£ttflELT, H#:«Sa©-^rJ: 0 ISftriS 
[0 2 5 8] *«W©*Jfi»!llc:J;n«, tfXiftiBLP 

gsa-r^^ttccto, mm&ftmmtmMWi£<Dmiz5£ 

[0 2 5 9] *56WO*MJB!»K«tn«. tfXRWiiLP 

Tz>z.tiz£K>. mmfcftmmt®mm£<nr<nizmtk-r 

fcfl5M6f»K»E©{K*6 £*»«#©«#£ Srff o T*gft(fc 
[0 2 6 0] 2fc»wo5lj6»|g»c«tn«. #7.i#tBLP 



n -r jig, z> n 2 © 3 -r ;u <h ^©itTJcie® $ nfc@ 
&m&mm&m&£o®fmimmzmwrt7>&z> 

[0 2 6 1] *fSW©*ll!HgSBte«fcntf» tfXqfcttJLP 

*6LTlS»»M«©*dfet«*&*fT«r»'D^>. 
7Ki^$nfc^ttJ»S#:^WM : &BSM-rs CI tiz «t 0 , 

»i»*©^»*^i!»cmixffi*R^«a*»c«to#S8« 

[0 2 6 2] *56«©^ifiJg|BKinfi. tfT^itiLP 

tcioT, jK®*wrsm«©»SH^*«^u. ^© 

LT*¥lCgBB$nfc J Ft£iK3'1';i/{C«koT. Z\tlZi% 

-\ziiamL, &m&mm*fr<o<D#x'!km-tt* mm®. 

fc> £©S&tai»«SK:J:ntf. is*sfttl&*«l«wsi:tfc«t 

>3'-y h*f^-5^t36«T#S. d© 

»»jttJSi|Efttie©«id:bTir>*d«. mise^ 
fW#x*«*ebT sfc, ifett^a^jm^©^ 

«*&UT«fi©a9ifi*fT5J:t*ST**. -r**, c© 
[0 2 6 3] *»«©n«s»8i^«tn«. ^xq)ctBLP 

U|g»©tt»IS»**r«*»snfc*JStti»*# 
frrSdtlCJcD, •€■©»«««:» WI2^S14»*#:© 
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mmtete&^zi&gkfit&zB *> z. t&-c 

©fsmtfeffli^^t^Tt, sac. ±m<Dmmm<DU 
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